The reaction of anti-sperm antibody-positive sera from infertile women with fractionated mouse ovarian antigens was measured by enzyme-linked immunosorbent assay (ELISA). Antigens were obtained by extraction for nuclear matrix and intermediate laments (NM-IF) producing three protein fractions -soluble, cytoskeletal and NM-IF. The results showed that sera from some infertile patients, but not control sera, react with either the soluble fraction or the NM-IF fraction. The reaction with soluble proteins was most likely directed against surface antigens, possibly aggravating the fertility problems, while the anti-NM-IF antibodies could indicate release of insoluble intracellular components by tissue damage of unknown origin.
Introduction
In about a quarter of patients seeking treatment for infertility, its cause remains unexplained. Among women with such unexplained infertility, more than 20% have enhanced humoral immune response. It includes both isoantibodies (anti-sperm) and autoantibodies (anti-ovarian, anti-phospholipid etc.), suggesting that these antibodies could be a causative factor [1] . While anti-sperm antibodies could jeopardize fertilization, anti-ovarian antibodies could act at an even earlier stage by interfering with oogenesis. It is therefore of interest which ovarian components are most immunogenic and become targets of autoantibodies. The rst step to their identi cation is to fractionate ovarian tissue and to test how positive sera of female patients react with different fractions. Because of the technical and ethical dif culties in obtaining human ovarian tissue, ovaries from other mammals could be used. Previous studies on anti-sperm antibodies have shown that the relevant autoantigens are phylogenetically conserved across various mammalian orders [2] , and a similar conservation could be expected for at least a proportion of the ovarian antigens.
A suitable method to fractionate a tissue based on the position and properties of its components is the extraction for nuclear matrix and intermediate laments (NM-IF) was rst described by Fey et al. soluble, cytoskeletal (including microtubule and micro lament components) and NM-IF. Initially developed for cultured epithelial cells, the method has been successfully applied on spermatozoa [4, 5] and then on oocytes and oocyte-cumulus complexes [6, 7] . The aim of the present study was to nd which (if any) fractions of mouse ovarian tissue are recognized by sera from women with unexplained infertility and enhanced humoral immune response. The reaction was measured by enzyme-linked immunosorbent assay (ELISA).
Materials and Methods
All work with patients and animals was carried out in accordance with Bulgarian and European Union legislation and was approved beforehand by the Ethical Committee of the Medical University of So a.
Mouse ovaries were obtained from 4-5-weekold BALB/c females. After mechanical homogenization, the tissue was subjected to NM-IF extraction as described by Markova [5] . The tissue was rst treated with a detergent to extract soluble cytoplasmic proteins as well as membrane proteins. The supernatant was the soluble fraction. The pellet was extracted by high ionic strength of 250 mM (NH 4 ) 2 SO 4 to dissolve microtubules and micro laments. The protein content was further fractionated into supernatant (cytoskeletal fraction) and pellet (NM-IF fraction).
The study subjects were women from couples suffering of infertility as de ned according to the World Health Organization criteria [8] for which no infertility factor was identi ed in the male partner. The women were tested for anti-sperm antibodies at the Laboratory of Reproductive Immunology, Department of Biology, Medical University of So a, with ELISA [9]. For the purpose of testing for enhanced humoral immune response, serum samples, positive for anti-sperm antibodies, were taken, a total of eight sera. The patients, aged 25-37, gave informed consent. Sera from six healthy age-matched female blood donors were used as controls.
ELISA was done as in [9] with small modi cations. The three fractions of ovarian tissue, diluted with carbonate buffer (pH 9.6) to a nal protein concentration of 0.2 mg/ml, were used as an antigen. After loading the plates, they were treated with bovine serum albumin (1%) as a blocking reagent. Then, the patient and control sera were diluted 1:10 and applied in triplicates. The secondary antibody was antihuman peroxidase conjugate (Sigma-Aldrich) diluted 1:1000. After the color reaction with o-phenylenediamine as substrate, absorbance was measured at 492 nm. Wells without antigen and without primary antibody were left as negative controls. The arithmetic mean and the standard deviation were calculated for the control sera, and values exceeding the mean plus 2 standard deviations were considered positive.
Results
None of the six control sera from healthy donors produced a positive reaction. Of the eight patients' sera, four did not produce a positive reaction with any ovarian antigen fraction, similarly to the controls. The other four patients' sera reacted positively with one antigen fraction each. Two of them produced a positive result with the soluble fraction and two -with the NM-IF fraction.
Discussion
The current study is the rst to investigate the reaction of sera from infertile women with phylogenetically conserved ovarian antigens after NM-IF extraction. By using anti-sperm antibody positivity as an inclusion criterion, we intended to select sera with elevated humoral immune response. This could be expected to result in non-speci c enhancement of the reaction with a broad range of antigens. However, half of the tested patients' sera were not found to contain anti-ovarian antibodies. The other half (four sera) reacted with ovarian antigens, but none of them produced a positive result with more than one antigen fraction. Hence, the tested sera showed antigen speci city rather than a broad range of reaction. It is noteworthy that no serum bound the cytoskeletal fraction, which could be interpreted as low immunogenicity of microtubule and micro lament components.
The positive sera reacted with soluble or NM-IF ovarian antigens with equal probability. Considering the possible contribution of serum antibodies to infertility, reaction with the soluble fraction was most important, because it included the surface proteins. Their binding by antibody in vivo could result in inhibitory or cytotoxic action and so affect the ovarian function. At the same time, reaction with the NM-IF antigens -the most stable and extraction-resistant fraction, should not be dismissed as irrelevant. When reacting with sperm cells, the positive sera most likely recognized the NM-IF fraction as well, which includes proteins present also in the ovary such as vimentin [10] and cytokeratins [11] as well as highly resistant cell type-speci c components [12] . Possible factors for the immunogenicity of NM-IF proteins are their brous structure and low solubility resulting in dif cult clearance. Antibodies to such intracellular components are not expected to in ict any damage on the target cells, but could indicate cell destruction caused by other unidenti ed processes that release NM-IF proteins and trigger iso-and autoimmune humoral immune response. Because of the small number of the sera, the current study is of a preliminary type and further investigations are needed.
Conclusions
Our study showed that some anti-sperm antibody-positive sera from infertile women, but not control sera, react with fractionated phylogenetically conserved ovarian antigens after NM-IF extraction. Immunogenic properties were observed for the soluble and the NM-IF fractions. The rst category of antibodies were most likely against surface antigens, possibly aggravating the fertility problems, while the anti-NM-IF antibodies could indicate release of insoluble intracellular components by tissue damage of unknown origin.
